This paper shows that rheological properties of molecular liquids, relevant for EHD contacts, can be determined experimentally on molecular solids. A shear head is developed to measure the viscosity and limiting shear stress of solid paraffin. Preliminary results show that this idea is feasible.
INTRODUCTION
Shear behavior of EHD oil films is the result of rheological properties of the lubricant. It is unanimously accepted that the lubricants exhibit non-linear viscoelasticity inside EHD films. This depends on a non-linear viscosity, an elastic shear modulus and a limiting shear stress. Published experimental works [1] [2] [3] show that the viscosity increases exponentially with pressure and decreases drastically with temperature. Shear modulus and limiting shear stress increase linearly with pressure and decrease slightly with temperature.
Recent theoretical investigations [3] show that, regarded instantaneously, a simple molecular liquid maintains locally the close packed structure of originating crystal but its long range order is disturbed by vacancies. The molecules oscillate around lattice sites for very short times, until they gain enough energy to jump into neighboring vacancies. The fraction of molecules that jump at a given instant, i.e. flow at that instant, is negligible. Therefore, the great majority of molecules behave instantaneously in a solid-like manner. This suggests that the rheological properties of molecular liquids subjected to high pressure may be measured on a molecular solid. This paper describes a simple method to measure the viscosity and limiting shear stress of paraffin by shear of a solid cylindrical bar. Quasi-static shear performed during time intervals in excess of relaxation time yields the viscosity, whereas dynamic shear supplies limiting shear stress.
SHEAR HEAD
The basic idea consists in transversal shear of a cylindrical paraffin bar under controlled pressure and temperature, in a shear head. This is made of a thick-walled, cylindrical steel tube, accurately cut in three pieces. The lateral pieces are fixed. Initially, when the pieces are aligned, liquid paraffin is poured into them and the assembly is cooled very slowly. The paraffin transforms in a solid cylindrical bar just sliding inside the tube. The pressure is generated by pressing axially the paraffin bar by a plunger. The axial force N generated by aid of a screw is measured with strain gauges. The hydrostatic pressure occurring in the bar is derived assuming a rigid tube, zero initial clearance and an elastic behavior of paraffin. This is found to be A 3 / N 2 p = , A being the cross-section area. As mentioned, transversal force is applied either quasi-statically or dynamically.
Viscosity measurement is performed by applying, via dead weights, a constant shearing force and by measuring accurately the resulting transversal speed of central part. As the process is quite slow, a video camera is used to record the displacement 
the ratio of shear stress to shear rate. For the sake of simplicity, the average shear stress, defined as ratio of force to cross-section area, is further considered.
Limiting shear stress is found by applying a dynamic shear force to central tube part. To this end, the shear head is fixed on a modified Charpy hammer. The mobile arm was rebuilt, considerably reducing its mass. An optical speed transducer was fitted near the arm to assess its angular velocity and therefore kinetic energy prior and after the shear. The energy lost at various pressures and temperatures w has three components: w s spent for bar shear, w c transferred as kinetic energy to detached central piece and w f lost by friction between paraffin fractured surfaces. For a radial displacement e of central tube, a constant shear strain γ=e/δ occurs. This increases during impact until it reaches a critical value, γ cr =0.18279=e cr /δ, when plastic shear occurs [3] . As critical shear strain does not depend on pressure, the whole sheared zone reaches simultaneously its plastic limit. Then, the paraffin flows under constant limiting shear stress, e and γ increasing. Finally, at a fracture shear strain, γ fr= e fr /δ, the bar brakes and central tube part is detached. Because δ=0.01mm, e cr is negligible with respect to e fr . As a result, shear energy w s is:
m being the mass of detached tube part, v the hammer velocity after fracture, μ the sliding friction coefficient between paraffin surfaces, d the diameter of paraffin bar and F the impact force during plastic shear. Limiting shear stress l τ obeys following balance condition on transversal sheared area A:
PRELIMINARY EXPERIMENTAL RESULTS
Viscosity tests were performed in quasi-static shear at two temperature levels, namely 19 o C and 23 o C, and various pressures in the range (0…22)MPa. The results are shown as points in Fig. 2 , the pressure scale being linear and the viscosity scale logarithmic. The best straight line was fitted to each set of experimental results by calculating the slope and the intercept by aid of the suitable facility included in Mathcad 11. This was traced as solid line. It can be seen that experimental points fall quite well on the straight line, confirming Barus exponential law for viscosity dependence on pressure.
Dynamic shear experiments, carried out at 19 o C, lead to the points shown in Fig. 3 for total energy lost by hammer arm, in Watts, as a result of paraffin shear. As shown by solid line, the dependence of this loss on pressure is linear.
The same experiment supplied the kinetic energy transferred to the detached central part. As suggested by Fig. 4 , this energy decreases linearly with pressure.
These data, as well as the experimentally found value e=1.5mm and a friction coefficient μ=0.04, lead to following equation for the dependence of limiting shear stress on pressure:
Both ambient pressure value of limiting shear stress and its slope with respect to pressure are in good agreement with either published experimental results or theoretical predictions. 
CONCLUSIONS
Preliminary experimental results indicate that the shear head proposed in this paper can be used as a simple rheometer which can supply the viscosity and the limiting shear stress of solid molecular substances. These parameters can be applied in EHD conditions.
